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According to the World Health Organization, 45 million people are blind worldwide, including 1.4 million children. This
Select highlights how recent advancements in stem cell technology and human genetics have accelerated the identifica-
tion ofmolecularmechanisms underlying common eye diseases, such as age-relatedmacular degeneration and pediatric
cataracts, while also pointing to new strategies for therapies.An optic cup derived from embryonic
stem cells in a three-dimensional culture.
Image courtesy of M. Eiraku and Y.Sasai.Self-Assembling Retina
Approximately 5 weeks after fertilization, the neuroectoderm layer of the human embryo
and the underlying neuroepithelium undergo a series of coordinated invaginations and
differentiations, leading to the construction of the eye’s lens and a purse-like structure
that encapsulates the lens, called the ‘‘optic cup.’’ Approximately 500 mm in diameter,
the optic cup contains two layers: an inner one that generates the retina and an outer
one that generates the pigmented layer (i.e., the retinal pigmented epithelium). Now,
Eiraku et al. (2011) demonstrate that the optic cup can spontaneously assemble in
a three-dimensional (3D) culture of homogenous embryonic stem (ES) cells. Strikingly,
in long-term cultures, the retinal progenitor cells differentiate and stratify into all six layers
of the retina, including the photoreceptors and ganglion cells, the neurons that transmit
information to the visual centers in the brain.
In previous studies, the authors had optimized culture conditions to generate masses of
retinal cells frommouse ES cells, but these retinal cells had no structure or stratification. In
their new study, Eiraku et al. now add extracellular matrix components to the 3D cultures
(i.e., matrigel). Then, the cultured retinal cells spontaneously develop through a program
that resembles the one observed in the mouse embryo. The retinal precursor cells, which
the authors tag with a green fluorescent protein, first self-assemble into a hollow sphere.
After  1 week, a small region of the sphere evaginates to create a bubble-like protrusionon the sphere’s surface. The protrusion then invaginates to create a two-layered cup, with the inner shell expressing neural retina
makers (Vsx2, Six3, and Pax6) and the outer layer eventually becoming pigmented and expressingmarkers of retinal pigment epithe-
lium (Mitf, Nr2f2, Otx2, and connexin 43). Besides being a spectacular technical triumph, this 3D culture system provides a renewable
source of human photoreceptor cells at various stages of development and establishes a powerful tool for modeling diseases, drug
screening, or transplants.
Eiraku et al. (2011). Nature 472, 51–56.A retina with ‘‘dry’’ age-related macular
degeneration projected through the pupil
and surrounded by the iris. The bright,
horseshoe-shaped region is usually
masked by the healthy pigmented
epithelium. Image courtesy of J. Ambati,
B. Gelfand, and M. Hanson.DICER’s Optical Alu-sion
Whereas Eiraku et al. investigate the initial development of the retinal pigment epithelium
(RPE), Kaneko et al. (2010) characterize the opposite process: its deterioration during
vision loss. The RPE is a monolayer of cells that provides nutrients to and shuttles waste
away from the neighboring retina. In 9% of individuals between the ages of 66 and 74,
the central, or ‘‘macular,’’ RPE begins to break down, which eventually damages retinal
photoreceptors and causes an incurable form of age-related macular degeneration
known as ‘‘dry’’ AMD or geography atrophy. Now, Kaneko et al. (2011) uncover an unex-
pected cause of this common disease: reduced levels of DICER1, the ribonuclease that is
required for silencing genes by RNA interference.
The study begins with the interesting observation that DICER1mRNA is 60% lower in
the RPE of eyes with AMD compared to healthy eyes or those with other eye diseases.
Indeed, when Kaneko et al. decrease the expression of Dicer1 in only the RPE of mice,
theRPE cells degenerate. However, when they disrupt other components of the RNA inter-
ferencemachinery, such as Drosha and Ago, they see no changes, suggesting that Dicer’s
effect on RPE cells is not simply due to a general disruption of RNA processing. Instead,
Kaneko and colleagues find that a specific type of RNA accumulates in the AMD eyes:
the transcripts from Alu retrotransposon elements, the most abundant repetitive
sequences in the human genome. Injecting long Alu strands into mice retina induces
RPE degeneration, but when the RNA is first digested with Dicer1, the RPE cells stay
healthy. Together, these results indicate that decreasedDICER1 levels trigger the accumu-
lation of cytotoxic Alu RNA, which leads to RPE cell death and ‘‘dry’’ AMD. Interestingly,
reduced DICER1 activity is connected to numerous diseases outside of the eye, hinting
that this Alu-mediated mechanism of cytotoxicity may be ‘‘more than meets the eye.’’
Kaneko et al. (2011). Nature 471, 325–331.Cell 145, April 29, 2011 ª2011 Elsevier Inc. 329
TDRD7 (red) facilitates the generation of a transparent
lens by forming foci of RNA granules in specialized,
elongated lens fiber cells. Image courtesy of S. Lachke.RNA Granules Clarify Cataracts
Like Kaneko and colleagues, Lachke et al. (2011) also uncover a surprising
link between RNA processing and a common eye disease, but these authors
turn their attention to cataracts and glaucoma. First, Lachke et al. discover
that a patient with juvenile cataracts also carries a rare inversion on chromo-
some 9 (i.e., q22.33q34.11), which disrupts the Tudor domain-containing 7
(TDRD7) gene. The authors then identify a family with inheritable cataracts
and glaucoma, who also carry a disruptive mutation in TDRD7. This leads
the authors to hypothesize that TDRD7 dysfunction causes pediatric cata-
racts and glaucoma. When they mutate the Tdrd7 gene in mice, the animals
develop both eye diseases, with phenotypes strikingly similar to those
observed in the patients. Furthermore, they find that Tdrd7 expression is
highly enriched in the developing lens of mouse and chicken embryos.So what is the molecular function of TDRD7, and why is it required for a transparent lens? TDRD7 contains a specific type of helix-
turn-helix domain (OST-HTH/LOTUS) that is predicted to bind RNA. Lachke and colleagues find that, without Tdrd7, lens fiber cells
lose a significant portion of RNA-processing factories in the cytoplasm, called RNA granules, which are thought to be involved in
stabilizing mRNAs. Indeed, immunoprecipitation experiments and then reverse-transcriptase PCR demonstrate that TDRD7 directly
interacts with and regulates the mRNA of multiple genes involved in lens development, including bB3-crystallin. To become trans-
parent, lens fiber cells first degrade their organelles and then pack their cytoplasm with highly ordered arrays of crystallin proteins.
Therefore, the authors speculate that TDRD7 contributes to lens transparency by selectively stabilizing mRNAs that allow the trans-
lation of crystallins to continue even as the nucleus of lens cells disappears.
Lachke et al. (2011). Science 331, 1571–1576.A photoreceptor map of a retina from
a patient with retinitis pigmentosa
(center) compared to a map from a
healthy patient (inset). Image courtesy
of D. Sharon.Retinitis Pigmentosa: Exomes Expedite Gene
Search
Whereas Lachke et al. uncover themechanism of a common eye disease by characterizing
chromosomal rearrangements, Zu¨chner et al. (2011) showcase the power of another rising
genomics technique: exome sequencing. First, Zu¨chner et al. identify a family in which
three of four siblings suffer from retinitis pigmentosa, a common form of blindness caused
by the degeneration of photoreceptors. They then sequence all 180,000 exons (i.e., ‘‘the
exome’’) of the four siblings, generating 19,000 single-nucleotide variations common to
the affected individuals. By comparing this list with that of the healthy sibling and selecting
for only rare homozygous variants, the authors quickly narrow down the list to one varia-
tion: a mutation in the dehydrodolichol diphosphate synthase (DHDDS) gene, which
converts a conserved lysine residue in the protein’s active site to a glutamate residue.
Zu¨chner and colleagues then confirm DHDDS’s role in retinitis pigmentosa by decreasing
its expression in zebrafish embryos. The treated embryos fail to respond normally to light
bursts and have malformed photoreceptors.
In a parallel study, Zelinger et al. (2011) discover the same DHDDS mutation in 20
patients with retinitis pigmentosa from 15 independent families. Using a fluorescent anti-
body, the authors also demonstrate that DHDDS is highly expressed in the inner segments of human photoreceptors, where protein
synthesis and glycosylation occurs. DHDDS catalyzes the generation of dolichol pyrophosphate, a compound that is required for
N-linked glycosylation of proteins, and Zelinger et al. note that rhodopsin—the critical light-capturing protein in rod photorecep-
tors—is tagged with a special oligosaccharide chain at two residues. Although future experiments are required to characterize
how this DHDDS mutation alters protein glycosylation within photoreceptors, the two studies together suggest that the specialized
structure of photoreceptorsmay be unusually susceptible to deficiencies in protein glycosylation and that boosting glycosylationmay
be a productive strategy for treating subtypes of retinitis pigmentosa.
Zelinger et al. (2011). Am. J. Hum. Genet. 88, 207–215.
Zu¨chner et al. (2011). Am. J. Hum. Genet. 88, 201–206.
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